It is our proposal that lipid peroxides increased in the blood are causative of various degenerative diseases such as atherosclerosis [1] [2] [3] and cataract [4, 5] . Therefore, we have regarded suitable antioxidants as prophylactics for these diseases, and have been examining their effects by in vivo experiments. As a result, we have found some antioxidants to be promising [6] [7] [8] [9] [10] [11] . Since astaxanthin is expected to be antioxidant from its molecular structure (see Fig. 1 ), and was reported to inhibit oxidative injury to mitochondrial membrane [12, 13] , we decided to investigate its effect by a rat liver microsomal system as well as in vivo experimentation. The present antioxidant seems to be more potent than atocopherol. The animals were fed a laboratory chow (CE-2, Clea Japan, Inc., Tokyo) ad libitum.
Effect on microsomal lipid peroxidation. Antioxidant effect of astaxanthin on lipid peroxidation in a rat liver microsomal system was studied as described previously [7] . Two milliliters of reaction mixture, which contained 100 p M Tris-HC1 (pH 7.5), microsomes (ca., 4 mg protein/ml), 4 mM ADP, 12 pM FeC13, 100,u M NADPH, and 200 p M of either astaxanthin, ellagic acid or Toc dissolved in ethanol, were incubated at 3TC. Final concentration of ethanol in the reaction mixture was 2%. An aliquot of the reaction mixture was taken for measurement of its lipid peroxide level by the method of Ohkawa et al. [14] and expressed in terms of malondialdehyde. Another aliquot was subjected to protein assay by the method of Lowry et al. [15] .
Effect on lipid peroxidation induced in rats by carbon tetrachloride (CCl4) administration or 6° Co-irradiation. To examine the suppressive effect of astaxanthin on lipid peroxidation induced in rats by CCl4, we administered astaxanthin, ellagic acid or Toc through a stomach tube once a day for 3 successive days with fasting for 6 h before and 3 h after each administration. The antioxidant was dissolved in ethanol and mixed with olive oil. The final concentration of ethanol was 1 % (v/v). CC14 was mixed with an equal volume of liquid paraffin, and 0.25 ml of the mixture per 100 g body weight was given to rats by intraperitoneal injection 3 h after the final administration of the antioxidant. Control animals were administered olive oil containing 1 % ethanol (v/v) alone.
To check the effect on lipid peroxidation induced in rats by 60Co-irradiation, we gave astaxanthin, ellagic acid or Toc to rats in the same way as in the CC14 experiments, and 3 h later a single whole-body 60Co-irradiation (10 Gy) was conducted with a Rotational Radio-therapy System (RTGS-2DM; Shimadzu Corp., Kyoto). Twenty-four hours after the administration of CC14 or 6°Co-irradiation, the rats were anesthetized with ethyl ether, and their blood and organs were taken . The liver was perfused with cold physiological saline. Lipid peroxide levels of the serum and organs were measured by the method of Yagi [16] and that of Ohkawa et al. [14] , respectively, and expressed in terms of malondialdehyde .
Other measurements. Activities of glutamate oxalo acetate transaminase (GOT) and glutamate pyruvate transaminase (GPT) in the serum were measured according to the method of Reitman and Frankel [17] . RESULTS 
AND DISCUSSION
Effects of astaxan thin on lipid peroxidation in rat liver microsomes The antioxidant effect of astaxanthin was first examined in a microsomal lipid peroxidation system. As shown in Fig. 2 , astaxanthin remarkably suppressed the lipid peroxidation, and its effect was more potent than that of Toc or ellagic acid .
The results are similar to the data of Kurashige et a! . [12] on mitochondrial membranes.
Effects of astaxanthin on liver lipid peroxide levels of rats administered CCl 4
The lipid peroxide level of the liver of control animals was 1 .56-±.31 nmol/ mg protein (Table 1 ) or 1.34±0.15 nmol/mg protein (Table 2) and that of the serum, 2.02±0.05 nmol/ml (Table 2) . These values are in good agreement with normal values reported in our previous papers [9-I1] . The level in the liver was increased markedly to 5.28±0.80 nmol/mg protein by the administration of CC1 4. The serum lipid peroxide level, however, was not changed significantly (data not shown). Astaxanthin was administered to rats through a stomach tube before CC14 administration, and its effect to suppress lipid peroxidation was then compared with that of ellagic acid or Toc. The results are shown in Table 1 . Astaxanthin decreased significantly the lipid peroxide levels of the liver of rats administered CC14 at a dose of 51umol/kg body weight/day and decreased it even further at a dose of 20 p mol/kg body weight/day. Ellagic acid and Toc decreased significantly the levels at their doses of 20 and 2001u mol/kg body weight/day, respectively, and these results were in good agreement with the values reported previously [9] [10] [11] . The suppressive effects of astaxanthin, ellagic acid, and Toc on the leakage of GOT and GPT were in parallel with their effects on the liver lipid peroxide level. Thus, the effect of astaxanthin was found to be more potent than that of ellagic acid or Toc.
Effects of astaxan thin on lipid peroxide levels in serum and in several organs of rats irradiated with 60 Co The effect of astaxanthin, ellagic acid or Toc on lipid peroxide levels in rats irradiated with 60Co is shown in Table 2 . The levels of control animals were increased significantly by the irradiation. Administration of astaxanthin resulted in significant decreases in the levels at a dose of 51amol/kg body weight/day or more, and the effect of 201u mol/kg body weight/day of astaxanthin was approximately the same as ellagic acid and Toc at their doses of 20 and 200 pmot/kg body weight/day, respectively. Inability of ellagic acid to decrease the level of the brain would be ascribed to its incapability to pass through the blood-brain barrier as discussed in our previous paper [18] .
From the results reported in this paper, it can be concluded that astaxanthin is a potent antioxidant, and thus promising for clinical application.
